Lipid accumulation in muscle is associated with diminished insulin sensitivity. It was hypothesized that resistance exercise decreases muscular adipose tissue and reduces the level of retinol-binding protein-4 (RBP4), which is linked to adipose tissue and insulin sensitivity in diabetics. Forty-four women with type 2 diabetes were randomly assigned to three groups for a period of 12 weeks: control (asked to maintain a sedentary lifestyle); resistance exercise (elastic band exercise at moderate intensity five times per week); and aerobic exercise (walking for 60 min at moderate intensity five times per week).
Introduction
Evidence has shown that an excess supply of fatty acids, beyond that required for energy needs, is a cause of insulin resistance in muscle. 1,2 Intramyocellular triglyceride accumulation is a marker of an excessive supply of fatty acid to muscle and studies have demonstrated an association between intramyocellular triglyceride accumulation and insulin resistance. 3 -5 In addition, YH Ku, KA Han, H Ahn et al.
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circulating adipokines, such as retinolbinding protein-4 (RBP4), leptin and adiponectin, are emerging as important links between obesity, insulin resistance and type 2 diabetes mellitus. 6 -9 A universally accepted component of the non-pharmacological treatment of type 2 diabetes mellitus is exercise. 10 -12 In particular, resistance training studies have revealed positive relationships between resistance exercise and glycaemic control. 13, 14 Although the precise mechanisms underlying the positive effects of resistance training remain to be clarified, one process may be through the downregulation of pro-inflammatory factors. Acute phase reactants, cytokines and adipokines have recently been implicated in the pathogenesis of type 2 diabetes mellitus. 15 Limited research has been conducted to examine the effects of resistance training on these proinflammatory factors, which may present an opportunity for improved management of type 2 diabetes mellitus.
It is reasonable to hypothesize that resistance exercise decreases muscular adipose tissue, and that it may also have favourable effects on RBP4 which is linked to adipose tissue accumulation in muscle and insulin sensitivity in individuals with diabetes. In the present study, the effect of resistance and aerobic training on regional adipose tissues, levels of adipokinesespecially RBP4 -and insulin resistance was investigated in overweight Korean women with type 2 diabetes mellitus.
Patients and methods

PATIENTS
Overweight Korean women (body mass index [BMI] > 23 kg/m 2 ) with type 2 diabetes who were attending the Diabetes Centre at Eulji Hospital, Seoul, Republic of Korea, were enrolled sequentially into the study between August and October 2008. All patients had taken > 1 g/day metformin for > 3 months previously and were on a stable antidiabetes regimen (sulphonylurea and metformin). Patients receiving lipid-lowering medications, insulin or thiazolidinediones were excluded. Individuals with diabetic vascular complications, life-threatening diseases, orthopaedic problems, or liver and renal impairment were also excluded. During the intervention period, all participants were asked to maintain a standard calorific intake (ideal body weight [in kg] × 30 kcal/kg [kcal] per day), and they were monitored by self-report once every 2 weeks. The patients were randomly assigned to undertake resistance exercise, aerobic exercise or no exercise (control group).
The study protocol was reviewed and approved by The Institutional Review Board of Eulji Hospital, Seoul, Republic of Korea, and written informed consent to participate in the study was obtained from all patients.
EXERCISE TRAINING
Subjects in the resistance and aerobic exercise groups took part in a 12-week programme of exercise, according to the protocol, under individual supervision. Participants in the resistance exercise group performed elastic band exercise at about 40 -50% of maximal exercise capacity five times per week -three times as part of a group in the hospital gymnasium and twice at home. Elastic band exercise comprised three sets of 15 -20 repetitions, with 10 different motions that included biceps curl, triceps extension, upright row, shoulder chest press, trunk sidebending, seated row, leg press, hip flexion, leg flexion and leg extension. The aerobic training group exercised by walking for 60 min at moderate intensity (3.6 -5.2 metabolic equivalents [METs -a multiple of YH Ku, KA Han, H Ahn et al.
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resting oxygen consumption where 1 MET equals a person's oxygen uptake at rest, i.e. approximately 3.5 ml oxygen/kg body weight per min]) five times per week. The control group had experience of diabetes education, including benefits of diet and exercise, but did not receive any additional education during this study; they were asked to maintain their sedentary lifestyle. All participants received information about how to monitor their diet and exercise. Daily activities of all the participants were monitored with a Lifecorder ® (Suzuken Co., Nagoya, Japan) and dietary intake was selfreported, using a 3-day diet diary.
LABORATORY AND CLINICAL MEASUREMENTS
On the first and last testing days, each participant's height and weight were measured. Body composition, including fat mass, fat-free mass, muscle mass and regional fat content, were assessed using dual-energy X-ray absorptiometry (DXA; Lunar Prodigy ® , GE Healthcare Biosciences, Piscataway, NJ, USA) and all scans were analysed by one investigator (H.K.). The amount of regional adipose tissuesubcutaneous (ASAT) and visceral adipose tissue (AVAT) in the abdomen, and subcutaneous (SCAT), subfascial (SFAT) and intramuscular adipose tissue (IMAT) at midthigh level -was measured using computed tomography. In addition, muscle strength was tested by measuring one repetitive maximum (1RM) for the upper and lower extremities using a chest and leg press, respectively (Keiser ® , Fresno, CA, USA), before and after the 12-week exercise programme. Muscle power of the upper extremities was measured in the deltoid, triceps and pectoralis muscles and, for the lower extremities, it was measured in the gluteal group, hamstring and quadriceps muscles. To measure 1RM, all patients performed a 5-min warm-up of mild stretching. After resting for 1 min, patients then performed three sets at 10% of maximal capacity, separated by 1-min rest intervals. Finally, patients performed three sets of repetitions at 90% of estimated maximal intensity.
Venous blood samples were drawn after 12 h of fasting at weeks 0 and 12. Samples were centrifuged and serum was removed and frozen at −70°C for later analysis. Fasting plasma glucose level, glycosylated haemoglobin (HbA 1c ), fasting C-peptide, lipid profiles, plasma levels of RBP4, leptin and adiponectin, and insulin sensitivity (insulin tolerance test: fractional disappearance rate of insulin [k ITT ]) were measured before and after the 12-week exercise programme.
STATISTICAL ANALYSIS
It was calculated that a sample size of 45 persons (15 per group) was needed to have 80% power to detect a moderate (SD ± 0.65) difference for each of the four comparisons tested simultaneously, with an overall value of P = 0.05. All data were analysed using the SPSS ® statistical package, version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Variables that were not normally distributed were logarithmically transformed before statistical analysis. The results are presented as means ± SD. Analysis of variance was used to evaluate the changes across groups, post hoc test (the least significant difference test) was used for pair-wise comparisons, and univariate analysis was used to assess the correlation of the changes in parameters. A P value < 0.05 was considered to be statistically significant.
Results
The study included 44 overweight women YH Ku, KA Han, H Ahn et al.
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with type 2 diabetes who were assigned randomly to the resistance exercise group (n = 13), the aerobic exercise group (n = 15) or the control group (n = 16). They ranged in age from 38 to 68 years and their baseline characteristics are shown in Table 1 . No significant differences were observed in any variable between the three groups at baseline with the exception of k ITT , which was higher in the aerobic exercise group than in the resistance exercise or control groups (P = 0.011 across-group comparison).
Changes in all variables after 12 weeks compared with baseline are listed in 
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baseline. As expected, aerobic exercise training induced a greater body weight loss in comparison with the resistance exercise group and the control group; statistically significant difference between the three groups in terms of change from baseline (resistance exercise, −1.1 ± 1.3 kg; aerobic exercise, −1.9 ± 1.2 kg; control, −0.6 ± 1.7 kg; P = 0.048 across-group comparison).
After the 12-week training programme, overall fat mass of the whole body was reduced in both exercise groups, but the change was significantly greater in the aerobic exercise group versus the resistance exercise group (−5.4% versus −1.3%, respectively; P = 0.038; data not shown). The muscular mass of the upper and lower extremities in the resistance exercise group Data are presented as mean ± SD. a Across-group comparisons by analysis of variance. b P < 0.05 versus baseline; c P < 0.01, d P < 0.05 versus the control group; e P < 0.05 versus the other exercise group. BMI, body mass index; ASAT, subcutaneous adipose tissue in abdomen; AVAT, visceral adipose tissue in abdomen; SFAT, subfascial adipose tissue at mid-thigh level; SCAT, subcutaneous adipose tissue at mid-thigh level; IMAT, intramuscular adipose tissue at mid-thigh level; 1RM, one repetitive maximum; UE, upper extremity; LE, lower extremity; FPG, fasting plasma glucose; HbA 1c , glycosylated haemoglobin; RBP4, retinolbinding protein-4; k ITT , fractional disappearance rate of insulin.
TABLE 2 (continued):
Changes in all variables in 44 women with type 2 diabetes mellitus after taking part in a 12-week programme of no exercise (control, n = 16), resistance exercise (n = 13) or aerobic exercise (n = 15) YH Ku, KA Han, H Ahn et al.
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increased from baseline (upper +5.3% and lower +1.3%, respectively), whereas that in the aerobic exercise group was unaltered (upper −0.3% and lower −0.1%, respectively); the difference between the aerobic and resistance exercise groups was statistically significant for the upper extremities (P = 0.001) but not for the lower extremities.
Decreases in BMI and ASAT were significantly different across the three groups (P = 0.044 and P = 0.015 respectively). Pair-wise multiple comparison revealed that the changes in BMI and ASAT in the aerobic exercise group were significantly greater than in the control group (P = 0.014 and P = 0.005, respectively), and ASAT in the resistance exercise group changed significantly more than in the control group (P = 0.044). The changes of SCAT, SFAT and IMAT were not statistically significantly different across the three groups, but SCAT and SFAT in the resistance exercise group changed significantly more than in the control group (P = 0.023 and P = 0.027, respectively, by pair-wise comparison). There was no statistically significant change in AVAT in the three groups (Table 2) .
Resistance training was related to a greater increase in muscle strength compared with aerobic exercise. The resistance exercise group showed significant increases in 1RM for the upper and lower extremities (upper +11.8% and lower +11.5%; P = 0.040 and P = 0.006 versus baseline, respectively), whereas 1RM was reduced in the aerobic exercise group (upper −11.8%, lower −7.9%); the differences between the aerobic and resistance exercise groups were also statistically significant (upper, P < 0.001; lower, P = 0.006).
Leptin levels decreased significantly by 37.8% (from 9.86 ± 3.06 to 6.13 ± 4.00 ng/ml, P < 0.001) and adiponectin increased significantly by 75.1% (from 3.86 ± 2.00 to 6.76 ± 1.24 ng/ml, P < 0.001) in the aerobic exercise group. In the resistance exercise group, leptin levels did not change significantly after the intervention although there was a significant increase in adiponectin of 46.2% (from 4.98 ± 2.52 to 7.28 ± 3.72 µg/ml, P = 0.002). The change in leptin, but not in adiponectin, was statistically significant across the three treatment groups (P = 0.011). The change in plasma RBP4 level was significantly greater in the resistance exercise group (−16.4 ± 18.1 µg/ml, −16.7%) compared with the changes in the control (1.2 ± 23.2 µg/ml, +1.3%; P = 0.033) and aerobic exercise groups (−2.3 ± 16.9 µg/ml, −2.7%; P = 0.046). The change in plasma RBP4 concentration was significantly positively correlated with that in SFAT (r = 0.664, P = 0.013) in the resistance exercise group (Fig. 1) , but there was no statistically significant correlation in the aerobic exercise group (r = −0.405). The changes in k ITT and HbA 1c showed no statistically significant differences between the groups.
Discussion
There has been increasing interest in the effects of resistance training on the control of type 2 diabetes mellitus. One study revealed that resistance exercise led to significant improvements in the amount of visceral and abdominal subcutaneous adipose tissue, which has been linked to metabolic syndrome. 16 In a meta-analysis, the importance of intramyocellular fat as a contributor to insulin resistance was reported. 5 It is not the total amount of fat but the fat that resides within skeletal muscle cells (intramyocellular fat) and intraabdominal fat (visceral fat) that influence insulin resistance, through the systemic and local secretion of several adipokines. 5 Based on these findings, the effects of YH Ku, KA Han, H Ahn et al. Resistance exercise in individuals with diabetes mellitus different kinds of exercise on regional muscular adipose tissue were analysed in the present study. Perimuscular fat was divided into three categories -SCAT, SFAT and IMAT -and, using DXA, the effect of resistance training compared with aerobic training on each category was assessed. ASAT decreased significantly from baseline in each exercise group, and the decrease in ASAT across the three groups was also significant. No significant difference was observed across groups with respect to IMAT. Aerobic exercise was more effective in reducing adipose tissue than resistance exercise. Nonetheless, aerobic exercise was not always statistically superior to resistance exercise. For example, after 12 weeks of exercise training, maximal strength of both the lower and upper extremities increased significantly by 11.5% and 11.8%, respectively, only in the resistance group. In contrast, muscle strength did not increase in the aerobic exercise group. This result is consistent with previous studies in which resistance exercise was more effective in increasing muscle power than aerobic exercise. 17 -21 To our knowledge, this is the first report to correlate the effects and type of exercise on categories of perimuscular adipose tissue.
One of the novel findings of this study was that the plasma RBP4 level was reduced more effectively in the resistance exercise group than in the aerobic exercise group. A few adipokines are related to the risk of developing insulin resistance, obesity, diabetes mellitus and cardiovascular disease, and there has been much interest in the effect of exercise training on adipokine levels. There have been reports that supervised exercise training reduces resistin levels 22 and that resting leptin responds positively to resistance training in persons with type 2 diabetes. 23 -1500
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